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In previous communications it has been demonstrated that various 
substances including a vital dye, a metal, a foreign protein, particulate 
matter, and bacteria, when injected directly into an acutely inflamed 
area are fixed in situ and fail to drain readily into the tributary lym- 
phatics (1-9).  When these same substances are injected into the circu- 
lating blood they rapidly accumulate at the site of inflammation.  This 
accumulation has been shown to be associated with increased capillary 
permeability but is also the result of the inability of these substances 
to escape from the area of inflammation owing to mechanical obstruc- 
tion in the form of thrombosed lymphatics and a  fibrinous network 
in tissues distended with edema.  The histological demonstration of 
fibrin in  tissue  spaces and lymphatics has been supplemented bya 
second type of evidence in support of a  "walling off" hypothesis to 
explain fixation of foreign substances in an inflamed area.  This con- 
sists in the failure of a  vital  dye and of bacteria injected at the pe- 
riphery  of  an  inflamed  region  to  penetrate  readily  into  such  an 
area  (5-7). 
The  present  paper  deals  with  a  third  group  of  experiments  in 
* This study was aided by a grant from the William W. Wellington Memorial 
Research Fund. 
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further  corroboration  of  the  concept  just  mentioned.  This  new 
approach to the problem has been suggested by various references in 
the literature regarding the r61e of urea as a  protein solvent. 
30 years ago Ramsden (10) in a  preliminary  note emphasized  the significance 
of urea in this connection.  In his paper he cited Limbourg as having noted that 
a  saturated  solution  of urea  dissolved  fibrin.  These  early observations  have 
been confirmed by various investigators.  Burk and Greenberg (11) have utilized 
urea in a concentration of 40 gra. per 100 cc. to dissolve casein without the use of 
electrolytes.  Shear  and Offner  (12), in  their  recent  studies  on the  binding  of 
calcium ions by serum, made use of this property of urea to prevent the precipita- 
tion of serum proteins.  Foulger and Mills (13) have shown that high concentra- 
tions of urea either  delay or inhibit  the clotting of blood by "peptizing"  fibrin. 
On  the  basis  of these in vitro  studies  a  series  of experiments  was 
undertaken to determine whether a similar solvent effect of urea could 
be obtained in vivo on fibrin deposits in inflamed tissue.  Would the 
injection of concentrated urea solution simultaneously with or follow- 
ing the injection of the  inflammatory irritant  inhibit  the fixation  of 
foreign substances at the siLe of inflammation by preventing the forma- 
tion  of thrombi  in  lymphatics?  Before proceeding  to  these  experi- 
ments, however, several observations were made in vitro on the effect 
of concentrated urea on the coagulation of inflammatory exudates. 
Effect of Concentrated Urea on Inflammatory Exudates 
Exudates were withdrawn  from the peritoneal  cavity of rabbits  a  few hours 
after inflammation  had been induced  by an aleuronat 1 suspension.  About 1 cc. 
of exudate  was introduced  into each  of three  test-tubes,  one  of which  already 
contained 2 cc. of 0.9 per cent saline and another 2 cc. of 50 per cent urea solution. 
The three  tubes were placed in an incubator at 35°C. for about 15 minutes.  At 
that  time  the  two test-tubes  containing  exudate  alone  and exudate  and  saline 
showed firm clots.  On the other hand, the exudate in the test-tube containing  50 
l~r cent urea exhibited  no trace of coagulation.  To determine  whether  50 per 
cent urea would dissolve a recently formed clot, 1 cc. of this solution was added to 
the test-tube containing  only coagulated  exudate.  After gently stirring  the con- 
tents of the tube it was replaced in the incubator for about 15 minutes.  At the 
end of this  time,  examination  revealed  that the clot had been  dissolved.  Tiny 
shreds of a transparent membrane were seen suspended here and there in the solu- 
tion but the bulk of the coagulum had disappeared. 
1 The aleuronat  suspension contained 5 per cent aleuronat  and 3 per cent starch 
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These  results,  repeated  in  a  number  of essentially  similar  experi- 
ments, may be summarized as follows: 
1.  When  concentrated  urea  was  added  concomitantly  with  an 
inflammatory exudate the latter failed to clot for at least 1 day, after 
which time the observations were usually discontinued. 
2.  When 50 per cent urea was added to a  newly formed coagulum, 
the latter was in general very readily dissolved on gentle shaking.  The 
reaction took place at room temperature as well as at 37°C. 
3.  If,  however,  the  clot had  been formed for a  considerable time 
before the addition of concentrated urea, it was as a rule only partially 
dissolved,  tiny transparent  shreds of it persisting.  These fragments 
consisted mainly of aggregated leucocytes.  Frequently in such cases, 
boiling the mixture completed the solvent effect of urea. 
Concentrated urea evidently inhibits the clotting of inflammatory 
exudates and, depending on the age of the  coagulum, dissolves  either 
completely or partially preformed clots from such exudates3 
The Inhibitory Effect  Of Concentrated Urea Solution on the Fixation of 
Graphite Particles at the Site of Inflammation 
In a first series of experiments concentrated urea was injected either 
simultaneously with or immediately following the intraperitoneal in- 
jection of an inflammatory irritant. 
An acute inflammation  of the peritoneal cavity was induced in rabbits by the 
injection of 10 co. of an aleuronat suspension.  Immediately afterwards 10 to 15 
cc. of either 30 or 50 per cent urea solution in distilled water was injected intra- 
peritoneally.  After a variable interval of time 2.5  to 5 cc. of diluted graphite 
ink  was  introduced into  the  inflamed  peritoneal  cavity  of  the  experimental 
animal.  Two controls were used: In one rabbit  10 cc. of aleuronat suspension 
injected into the peritoneal cavity was immediately followed by the introduction 
A copious fibrinous  exudate was obtained through the courtesy of Drs.  S. 
Farber and G. M. Hass from the pleural cavity of an infant during a postmortem 
examination at the Children's  Hospital, Boston.  Small strips of the thick fibrin- 
ous material placed in 10 cc. of 50 per cent urea and incubated at 37°C. were found 
to have undergone complete solution upon examination 19 hours later.  When 
kept at room temperature either in 10 cc. of 50 per cent urea or in several cubic 
centimeters of a saturated urea solution, such strips were likewise seen to be com- 
pletely dissolved after 19 hours.  Similar strips placed in 10 cc. of distilled  H20 
for the same interval of time remained undissolved. 160  SXlIDIES ON  II~LAMMATION.  VIII 
of I0 to 15 cc. of distilled water into the same region.  After a time interval cor- 
responding to that in the experimental animal a similar quantity of diluted graphite 
ink was injected intraperitoneally.  Into the normal peritoneal cavity of a second 
control rabbit  diluted  graphite  was  injected.  Several  hours later the animals 
were killed  with ether and the retrosternal lymphatics and nodes examined for 
the presence of graphite deposits.  Strips of parietal pleura and undeHying muscle 
from the substernal region were usually placed in I0 per cent formaldehyde for 
subsequent histological examination of the lymphatics.  In Experiment 3, Table 1, 
20 cc. of aleuronat suspended in S0 per cent urea was injected into the peritoneal 
cavity.  In Experiments I, 2, 8, 9, and 13, aleuronat injections were followed by 
injections of 30 per cent urea.  In all other experiments S0 per cent urea was used. 
In Experiments 7, I0, II, and 12, the aleuronat was first suspended in a solution 
of 50 per cent urea which was then injected directly into the peritoneal cavity. 
Out of a large series of experimental animals,  a few died several hours after the 
intraperitoneal injection of 50 per cent urea. 3 
The results are shown in Table I.  To avoid duplication of columns 
for experimental and control animals, the time intervals on the tables 
are recorded to the nearest  15 minutes.  When  concentrated urea is 
added  to  aleuronat  either  complete or partial  inhibition  of fixation 
occurs as shown by comparison with the findings in both sets of con- 
trols.  The degree of inhibition produced by urea varies in individual 
experiments.  This cannot be adequately explained by differences in 
concentrations or quantities of urea used.  The results, however, are 
consistent  throughout  and  show,  instead  of  the  fixation  ordinarily 
encountered, a definite dissemination of graphite particles to the retro- 
sternal lymph nodes when concentrated urea is added to aleuronat in 
the peritoneal cavity. 
Histological Studies of the Retrosternal Lymphatics 
The inhibitory effect of concentrated urea on fixation of graphite 
was  studied microscopically as well as in  the gross.  Comparison of 
the histology of the retrosternal lymphatics of urea-treated  animals 
with the corresponding vessels in the two sets of controls yielded the 
following significant observations. 
*  Although a difference in osmotic conditions in the peritoneal cavity may exist 
between animals  treated with concentrated urea and those treated with distilled 
water,  the known diffusibility of the former substance into cells would probably 
render such a disturbed condition  only temporary.  It is improbable that a de- 
ranged physiological osmotic equilibrium would last as long as 23 hours, the dura- 
tion of some of the experiments (Table I). VALY  MENKIN  I61 
1.  In  a  normal  control  animal  the  retrosternal  lymphatic  vessel 
is characterized by a lumen that is unobstructed (Fig. 1, Experiment 5, 
Table I). 
2.  The retrosternal lymphatic vessels draining the peritoneal cavity 
of rabbits treated with aleuronat and distilled water are occluded by 
thrombi.  The latter  vary in appearance depending on the duration 
of the inflammatory reaction.  About 3 hours after the introduction 
of the irritant  the lumen is occluded by a  fine network of fibrin con- 
TABLE  I 
Inhibitory  Effect of  Urea on  the Fixation  of Graphite Particles in  Inflamed 
Peritoneal Cavity 
Experiment 
No. 
1 
2 
3* 
4 
5* 
6 
7 
8 
9* 
10 
11 
12" , 
13 
14 
Interval between 
injection of irritant 
and that of 
graphite 
hrs.  :  rain. 
3:30 
5:00 
5:00 
5:00 
5:30 
6:00 
16  : 30 
17  :  00 
18:00 
19  :  00 
20 :  30 
20  :  30 
21:00 
22:00 
Total duration 
of inflammation 
5:00 
6:00 
6:30 
7:30 
7:00 
8:00 
18 : 30 
19 : 00 
20:00 
21:00 
22 :  00 
22:00 
23 : 30 
24 : 30 
Presence of graphite in retrostemal lymph nodes 
after  its  injection  into the peritoneal cavity 
•  previously treated with 
Aleuronat  Aleuronat + 
+  urea  distilled  HsO 
++  0 
Trace  0 
+++  + 
++ 
Trace  0 
+ 
++ 
+  o 
+  o 
+++ 
Trace  0 
+ 
+++ 
Trace 
Untreated 
controls 
+++ 
+++ 
++ 
+++ 
+++ 
+++ 
++ 
+++ 
+  to ++ 
+++ 
+++ 
* See Figs. 1 to 6 for histology of retrosternal lymphatics. 
taining relatively few leucocytes.  At a somewhat later stage (7 hours) 
there is an abundance of leucocytes within a  delicate fibrinous reticu- 
lure  (Fig.  3,  Experiment  5,  Table  I).  Higher magnification  of  the 
thrombus reveals graphite  particles caught in its meshwork whereas 
relatively few granules have as yet been phagocyted by the leucocytes 
(Fig. 4).  About 20 hours after the onset of the inflammatory reaction 
the retrosternal lymphatics may be totally occluded by thrombi con- 162  STUDIES  ON  INFLAMMATION.  VIII 
sisting of material brightly stained with eosin in which degenerated 
leucocytes are found (Fig.  6,  Experiment 9,  Table I).  A  section of 
the omentum when graphite has been injected intraperitoneally about 
18 hours after the onset of the inflammatory reaction shows the bulk 
of this material  distributed within the strands of a  coarse fibrinous 
network (Fig. 7, Experiment 9, Table I); there is no sign of graphite 
in the thrombus occluding the retrosternal lymphatic (Fig. 6). 
3.  When  concentrated urea  is injected into  the peritoneal  cavity 
either simultaneously with or following an inflammatory irritant,  the 
lumina of the restrosternal lymphatics appear either unoccluded (Fig. 
2, Experiment 3,  Table  I), or only partially  obstructed by fibrinous 
strands  (Fig. 5, Experiment  12, Table I).  Frequently a  network of 
fibrin is seen at  the periphery of the lumen, the central  area of the 
latter  being left clear.  Although relatively few leucocytes are  seen 
within  the  delicate  reticulum,  graphite  particles  often  appear  in 
its  meshes. 
Sections  through  the  omentum  of  animals  that  have  received 
aleuronat  and  urea  intraperitoneally usually  reveal  the  presence of 
pronounced congestion, capillary dilatation, and some areas of extra- 
vasated red cells but in contrast to the findings in animals that have 
been  treated with aleuronat and distilled water,  there is no marked 
fibrinous network.  Only occasionally are  a  few fragments of fibrin 
seen within tissues infiltrated with polymorphonuclear leucocytes. 
A  comparison  of  the  above  histological  picture  with  the  results 
obtained on the dissemination of graphite to the retrosternal lymph 
nodes, as listed in Table I,  shows an interesting correlation.  When 
the particulate  material  is injected into  a  normal peritoneal  cavity 
it accumulates to a  very large extent in the nodes (q-q--k),  and the 
lumen  of  the  afferent  retrosternal  lymphatic  remains unobstructed 
(see Fig.  1, Experiment 5,  Table I). 
When  graphite  is  introduced  into  a  peritoneal  cavity  previously 
treated  with  aleuronat  and  distilled  water,  none  of  this  material 
penetrates to the lymph nodes (0), and the lumen of the retrosternal 
lymphatic  is  completely occluded  by  a  thrombus  characterized  by 
many leucocytes within a  delicate fibrinous network  (see Figs.  3,  4, 
and 6, Experiments 5 and 9,  Table I). 
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cavity that has been treated with aleuronat and concentrated urea the 
retrosternal  lymph  nodes  are  either  intensely  loaded  with  carbon 
(+ +  +), or else this substance is present in only moderate amounts 
(+ or trace).  When graphite is abundant in the nodes (+ +  +), the 
lumen of the afferent lymphatic vessel correspondingly is unobstructed 
(see Fig.  2,  Experiment  3,  Table I).  On the other hand,  when  the 
particulate material is found in the nodes in relatively smaller amounts 
(+  or  trace),  the lumen  of the  retrosternal  lymphatics  is partially 
blocked by a fine reticulum (see Fig. 5, Experiment  12, Table I). 
The above facts, coupled with the in vitro studies described at the 
beginning of this paper, lead to the conclusion that concentrated urea 
inhibits  either wholly or in part the fixation of particulate matter at 
the  site  of  inflammation  by its  tendency  to  prevent  the  formation 
of a  fibrin network and of thrombi in the tributary lymphatics. 
The  Inhibitory  Effect  of Concentrated  Urea Solution  on  the  Fixation 
of Iron at the Site of Inflammation 
The results of the above experiments were substantiated by the use 
of another testing material,  ferric chloride.  In an earlier publication 
(3)  it had  been  shown  that  this  iron  salt injected  into  an inflamed 
area was fixed in situ by the inflammatory reaction. 
An acute inflammatory reaction was induced in the peritoneal cavity of rabbits 
by the introduction of 10 cc. of an aleuronat suspension.  This was immediately 
followed by the injection of 10 cc. of urea in a concentration of either 30 or 50 
per cent.  As control a  second rabbit received an intraperitoneal  injection of 
aleuronat followed  by distilled water.  After a variable interval of time 5 cc. of 0.25 
per cent ferric chloride was injected intraperitoneally in each of the above animals 
and also into a third normal rabbit.  When the animals were killed the retrosternal 
lymphatics and nodes were treated with acidified potassium ferrocyanide solution 
(Prussian blue reaction). 
From Table II it is clear that the addition of concentrated urea to 
aleuronat  inhibits  the  fixation  of  the  iron  salt  at  the  site  of  in- 
flammation. 
Fixation of Graphite Particles  When  Urea Injection Follows the Onset 
of Inflammation in the Peritoneal Cavity 
In  some instances  a  concentrated  urea  solution was injected into 
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matory  reaction.  The  object  of  this  experiment  was  to  determine 
whether  urea would  inhibit fixation by disposing  of recently formed 
fibrinous obstructions in the lymphatics. 
An acute inflammation was induced by injecting 10 cc, of aleuronat suspension 
into the peritoneal cavity of rabbits.  After a variable interval of time ranging 
from 1 hour to about 23 hours,  10 cc. of 50 per cent urea was injected intraperi- 
toneally.  This was followed a number of hours later by the injection of 2.5 to 3 cc. 
of diluted graphite ink.  Subsequently the animal was etherized and the retro- 
sternal region  removed and examined for carbon deposits in the lymph nodes. 
Precisely the same technic was used in a control rabbit injected intraperitoneally 
with aleuronat suspension  followed a few hours later by 10 cc. of distilled  water. 
TABLE  II 
Inhibitory  Effect  of  Urea  on  the  Fixation  of Iron  in  Inflamed  Peritoneal  Cavity 
Experiment 
No. 
1 
2* 
3* 
4 
5 
6 
7* 
Interval between 
injection of 
irritant and 
that of iron 
~s.  : rain. 
16:30 
17:00 
17  :  20 
18:00 
18  :  10 
18  :  30 
19:00 
Total duration 
of inflammation 
hrs.  : mitt. 
19:00 
18  :  15 
18 : 30 
19:00 
20 : 25 
19:40 
20  :  20 
Prussian blue reaction in retrosternal lymph nodes 
after injection of iron into the peritoneal cavity 
treated previously with 
Aleuronat  Aleuronat + 
"4- Urea  distilled HK) 
+  +  +  Trace 
++  o 
++  ?÷  o 
Very  faint 
trace 
o 
++ 
Untreated controls 
+++ 
++ 
+++ 
++to+++ 
+++ 
+ 
* 30  per cent  urea solution  used;  in all other experiments 50  per cent  urea 
solution used. 
The  results  are  shown  in  Table  III.  In  the  inflamed  peritoneal 
cavity of rabbits  treated with  aleuronat  followed by distilled  water, 
fixation of graphite particles took place.  In the urea-treated animals, 
on  the  other  hand,  complete or  partial  failure  of fixation  occurred. 
In  some  of  the  urea-treated  animals  microscopic  examination  of 
the retrosternal lymphatics revealed here and there tiny fragments of 
fibrin  adhering  to  the  endothelial  lining  of  the  lumen.  Otherwise 
the lumen was essentially unobstructed.  On the other hand,  in rab- 
bits treated with aleuronat followed by distilled water, typical fibrinous VALY  ~ENKIN  165 
plugs  containing leucocytes occluded the lumina of  the  lymphatic 
vessels.  Evidently concentrated urea exerts a  definite solvent effect 
on recently formed coagula, thus allowing the dissemination to  the 
tributary lymph nodes of graphite particles. 
TABLE  III 
Fixation of Graphite Particles When  Urea Injection Follows Onset of Inflammation 
in Peritoneal Cavity 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Interval between 
injection of irritant 
and that of either 
50 per cent ueea 
or distilled HsO 
1:00 
1:00 
l:19 
1:20 
1:30 
2:20 
2:43 
12:00 
13  :  15 
13  : 38 
15  : 35 
15  : 45 
22:46 
22  :  51 
Interval between 
injection of 
irritant and 
that of graphite 
Total duration 
of inflammation 
Presence of graphite in retrosternal 
nodes after its injection into the 
peritoneal cavity previously treated 
with 
Aleuxonat followed 
by urea 
++ 
++ 
+  to ++ 
+  to ++ 
++ 
Faint trace 
++ 
++ 
Trace 
++ to +++ 
~rs, : rain. 
19  : 30 
19:00 
21  :  18 
6:00 
23  : 30 
6:15 
19  :  29 
16  : O0 
18  :  15 
17  :  18 
17:41 
21  :  16 
27  : 07 
27  :  52 
krs. : rain. 
21:00 
21  : 30 
23  :  05 
7:00 
25  : 30 
8:00 
21:08 
17:30 
19  :  30 
18  :  08 
18:04 
22:48 
28  :  16 
28  :  55  q- to q-q- 
Aleuronat 
followed by 
distilled H~O 
0 
0 
0 
0 
Trace 
0 
Trace 
Trace 
The Penetration  of Trypan Blue Injected  at the Periphery  of an 
Inflamed Cutaneous Area  Treated with Concentrated Urea 
In previous communications (5-7)  it has been  shown that trypan 
blue  or  bacteria  (B.  prodigiosus) injected  at  the  periphery  of  an 
inflamed area fail to penetrate into it.  These same substances when 
injected directly into the area of inflammation are unable to escape 
readily  from  it  into  the  tributary  lymphatics.  Their  failure  to 
penetrate the inflamed area  when injected at its periphery is an evi- 
dence that fixation of foreign substances at the site of inflammation is 
primarily caused by mechanical obstruction.  If concentrated urea 
inhibits the fixation of foreign materials by its solvent effect on fibrin, 166  sztrvIES  ON  INTLAMMATION.  VIII 
an area of inflammation treated with concentrated urea should allow 
the penetration of a  dye injected at its periphery. 
On the shaved abdominal  skin of a white rabbit intracutaneous injections were 
performed in two distinct  areas as follows:  (1) 0.4 cc. of 50 per cent urea followed 
by 0.2 cc. of an infusion broth suspension of Staphylococcus aureus; (2) 0.4 cc. of 
distilled  water  followed by 0.2  cc.  of the  same  bacterial  suspension.  After a 
variable interval of time 0.8 cc. to 1 cc. of 1 per cent trypan blue was injected  in 
several points around each inflamed area and also at the periphery  of a normal 
skin area.  After several hours the areas were examined for the presence of dye. 
In two of the experiments  the areas  were treated with concentrated  urea alone. 
Penetration 
TABLE  IV 
of  Trypan  Blue  into  Inflamed  Cutaneous  Area  Treated  with  Urea 
When Dye Is Injected at Its Periphery 
Experiment 
No. 
1" 
2* 
3 
4 
5 
6 
7 
Interval between 
injection  of irritant 
and that of dye 
~IT$. : m~n. 
2:25 
2:32 
3:35 
3:56 
5:00 
5:30 
5:35 
Total duration 
of inflammation 
krs.  : rain. 
4:38 
4:34 
7:15 
20:O0 
6:52 
6:30 
13 : 40 
Penetration of dye into area treated with 
Urea alone or 
urea followed by 
Stapk. aureus 
Trace 
+ 
+++ 
+++ 
++ 
+ 
+++ 
Distilled H20 
followed by 
Stapk. aureus 
Faint trace 
0 
0 
0 
0 
Normal area 
Trace 
+ 
+++ 
++ 
+ 
+ 
+ 
* Urea  used  as  sole irritant.  In all  other experiments  urea injection  imme- 
diately followed by that of broth suspension of Staph.  aureus. 
The results presented in Table IV show that trypan blue failed to 
penetrate  into  areas  that  had  received  distilled  water  and  bacteria. 
When, however, the inflammation had been induced by concentrated 
urea alone or combined with bacteria, penetration of the dye into the 
inflamed area readily occurred.  These experiments  extend  the  fore- 
going  observations  on  the  r61e  of  concentrated  urea  in  preventing 
fixation at the site of inflammation. 
Concentrated  Urea as an Inflammatory Irritant 
Experiments  were set  up  to  determine  the  effect  of  concentrated 
urea per se when injected into normal tissues. VALY  MENKIN  167 
When 50 per cent urea in small amounts (0.2 to 0.5 cc.) is introduced into the 
skin of a rabbit, the area immediately becomes congested in contrast to the initial 
blanching that occurs when, for instance, a  suspension  of Staphylococcus aureus 
is injected into the dermis.  After a  relatively short interval of time the urea- 
treated area becomes edematous and pin-point hemorrhages are frequently seen 
on its surface.  In the earlier stage hemorrhagic congestion is the striking feature 
of the r~ction, whereas in the later stages (24 hours or over) the area exhibits 
typical hemorrhagic necrosis.  Histological examination in .the acute stage shows a 
great deal of edema with pronounced capillary congestion and dilatation.  Some 
capillaries  display an interrupted endothelial wall with considerable extravasation 
of blood into the surrounding tissues.  Fibrinous deposits are as a  rule absent. 
In later stages polymorphonuclears and  mononnclear phagocytes are found in 
abundance. 
Concentrated urea is in itself a severe inflammatory irritant  rapidly 
injuring the capillary wall and allowing the escape of plasma and  red 
cells into the extracapillary spaces.  Immediately after the introduc- 
tion of various high concentrations of urea into the skin, intravenous 
injection  of trypan  blue  is rapidly  followed by the  accumulation  of 
this dye in the urea-treated areas.  A  typical experiment is described 
in  the  following protocol. 
Rabbit 5-67.--At  11:40  a.m.  0.25  cc.  of  various concentrations  of urea was 
injected intracutaneously in several areas of the abdominal and thoracic surfaces. 
The actual concentrations of urea injected were 50, 25, 20, 15,i0, 5, 1, 0.5 per cent, 
and finally distilled  water.  At  11:45  a.m.  10 cc. of  1 per cent trypan blue in 
saline was injected intravenously.  At 11:49  a.m. areas injected with concentra- 
tions of urea ranging downwards from 50 per cent to 20 per cent were congested, 
where~s  the areas with very low concentrations of urea and with distilled  water 
Accumulation of Trypan Blue in Cutaneous Areas Treated with Urea 
Interval between intra- 
venous injection of 
~rypan  mue  anu  accu- 
mulation  of dye in 
urea-treated  areas 
mln. 
2 
4 
12 
33 
65 
50 
+•-+ 
k+ 
+,k+ 
Concentration of urea injected,  per cent 
25 
o 
Trace 
++ 
20 
o 
Faint 
trace 
Trace 
+ 
++ 
1S 
o 
Faint 
trace 
+ 
I0 
o 
5  1 
o  o 
o  o 
o  o 
o  o 
o  o 
Distilled 
0.5  H20 
o  o 
o  o 
o  o 
o  o 
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appeared blanched.  Furthermore  the  dye had  accumulated in the  peripheral 
portions of the four congested  areas containing the higher concentrations  of urea. 
The relation between the concentration of urea used and the rapidity and degree 
of accumulation of the dye into the various skin areas is indicated by the preced- 
ing tabulation. 
In order to ascertain if possible the mode of action of a concentrated 
urea solution on the capillary wall several experiments were performed 
on the web of the pithed frog.  Less than 10 seconds after the applica- 
tion of 50 per cent urea to the web the capillary circulation ceased and 
the vessels became packed with red cells.  The rapidity of this effect 
is especially striking since only after several minutes did an irritant as 
highly potent as croton oil produce a  definite change in the capillary 
circulation.  It remains to be seen whether the effect of concentrated 
urea on the capillary wall is related to the protein-solvent action of this 
substance or whether it is a  type reaction accompanying a  powerful 
inflammatory irritant. 
Experiments were performed to determine the effect of a  concen- 
trated urea solution by itself on the fixation of graphite particles at 
the site of inflammation. 
10 cc. of 50 per cent urea was injected into the peritoneal cavity of a rabbit. 
This was followed  several hours later by 3.5 cc. of diluted graphite ink.  After a 
variable interval of time the animal was killed with ether.  Examination of the 
retrosternal nodes revealed extensive deposits of carbon.  The results are listed 
in the following  table. 
Interval between  Total duration of  Presence of graphite in 
retrosternal lymph nodes  Rabbit No.  injection of urea and  that of graphite  inflammation 
hrs.  : rain.  hrs.  : rain. 
3-68  5  :  14  6  : 32  --b++ 
3-72  16  :  58  19  :  26  +++ 
Evidently graphite particles injected into an area of inflammation 
induced by concentrated urea alone disseminate readily to the tribu- 
tary lymphatic nodes. 
Histological examination of  the  retrosternal  lymphatics revealed 
essentially  no  occlusion.  A  relatively  narrow  layer  of  fibrinous 
reticulum loaded with graphite particles within its strands could be 
seen in the peripheral  portion of the lymphatic lumen as  shown in VAL¥ MENKIN  169 
Fig.  8,  Most of the lumen however is unobstructed and  this  can 
account for the free dissemination of a large amount of graphite to the 
lymph nodes.  Concentrated urea usually produces intense congestion 
in  the vessels of the  peritoneal lining,  with  extravasation  of large 
quantities of blood.  Numerous red blood corpuscles and leucocytes 
can be seen in the lumen of the retrosternal lymphatics (Fig. 8). 
DISCUSSION 
As pointed out in previous publications (7-9) the initial injury of an 
irritant to the capillary wall by increasing its permeability allows the 
passage of fibrinogen (and other plasma proteins) into the extracapil- 
lary  spaces.  The  early  formation of  a  fibrinous  network  and  of 
~hrombi in lymphatics limits the spread of the irritant.  The solvent 
action in vitro of urea on fibrin, and the inhibition of fixation by its 
means, coupled with the histological evidence of patent lymphatics, 
furnish additional evidence of the importance of lymphatic blocking. 
That the mechanical obstruction which localizes the irritant occurs 
very early in the development of the inflammatory reaction is shown 
by the fact that fixation of trypan blue was obtained in some experi- 
ments 30 minutes after the subcutaneous injection of an inflammatory 
irritant (1).  When the irritant was injected into the peritoneal cavity, 
fixation of graphite particles could be demonstrated as early as 2 hours 
and 46 minutes after the introduction of the irritant.  Further evi- 
dence  on  this  point  was  obtained  by  microscopic examination  of 
lymphatics draining  an  inflamed area  of  relatively  short  duration 
(7 hours).  As illustrated in Fig. 4, graphite particles that have failed 
to reach the tributary lymph nodes when injected into an inflamed 
area are caught in a fibrinous reticulum within an afferent lymphatic. 
There is practically no phagocytosis of graphite granules in spite of 
the abundance of leucocytes present within the lumen of the vessel. 
The walling off process which fixes the irritant at the onset of the 
inflammatory reaction occurs before the leucocytes have had time to 
perform effectively their phagocytic function.  Later, however, phago- 
cytes, doubtless reinforced in their activity by the opsonizing elements 
contained in serum, accomplish the final removal of the foreign sub- 
stance.  Since it has been demonstrated by the writer (4)  that foreign 
proteins accumulate from the circulating blood stream into an inflamed 170  STUDIES  ON  INFLAMM,kTION.  VIII 
area and are fixed there, it is quite probable that in the case of specific 
inflammation circulating antibodies may be concentrated at the site 
of inflammation thus reinforcing the action of the leucocytes in dis- 
posing of the irritant. 
Early fixation serves as the forerunner of the events whereby dis- 
posal of the foreign material occurs at the site of inflammation.  By 
circumscribing the irritant it gives an interval of time for the leuco- 
cytes to assemble for the purpose of phagocytosis.  The initial barrier 
caused by thrombosed lymphatics and coagulated serum in the tissue 
spaces of the inflamed area thus plays a definite r61e in immunity by 
protecting the essential organs at the expense of local injury. 
CONCLUSIONS 
A concentrated urea solution effectively dissolves fibrin. 
The injection into the peritoneal cavity of a urea solution (30 or 50 
per cent)together with or after an inflammatory irritant (aleuronat) 
prevents wholly or in part the local fixation of graphite particles or 
ferric  chloride introduced  subsequently.  The  histologic  picture  in 
the retrosternal lymphatics explains how this comes about.  When free 
dissemination of graphite to the retrosternal nodes occurs, the lumen 
of the lymphatic vessel is unobstructed, whereas partial dissemination 
is  accompanied by small fibrinous  thrombi occluding the lumen in 
part only. 
Trypan  blue  injected at  the periphery of an  inflamed skin  area 
treated with a concentrated urea solution and bacteria (Staph. aureus) 
penetrates readily into the area, whereas it fails to do so when intro- 
duced around an inflamed area consequent on the injection of distilled 
water and bacteria (Staph. aureus). 
Concentrated urea per se  is  an  inflammatory irritant.  Graphite 
particles  injected  into  a  peritoneal  cavity previously  treated  with 
concentrated urea penetrate freely to the retrosternal lymphatic nodes; 
the lymphatic vessel is relatively unobstructed.  Trypan blue injected 
into  the  circulating  blood  accumulates  rapidly  in  cutaneous  areas 
almost immediately after the latter have been treated with concentra- 
tions of urea ranging from 50 per cent down to 20 per cent. 
The results of this study furnish evidence, in addition to that already 
provided,  that  fixation  of  foreign  substances  is  primarily  due  to VALY ~[ENKIN  171 
mechanical obstruction caused by a fibrin network and by thrombosed 
lymphatics at the site of inflammation,  The  significance of fixation 
in relation to immunity and its bearing upon some of the other proc- 
esses involved in the inflammatory reaction have been stressed. 
My thanks are due to Dr. Granville A. Bennett for taking the photo- 
micrographs,  and  to  Mrs.  Miriam  F.  Menkin "for assistance  in  the 
preparation of this paper. 
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EXPLANATION  OF PLATES 
PLATE 8 
FIG.  1.  Retrostemal lymphatic vessel draining normal peritoneal  cavity of 
control  rabbit  (Experiment  5,  Table I).  Graphite  particles  injected into  the 
peritoneal  cavity  disseminated  freely  to  the  retrosternal  lymphatic  nodes 
(--I---I--+).  X  189. 
FIG. 2. Retrosternal lymphatic vessel draining peritoneal cavity 6 hours and 30 
minutes after 20 cc. aleuronat suspension in 50 per cent urea had been introduced 
into it (Experiment  3, Table I).  Graphite  particles injected into the peritoneal 
cavity disseminated freely to the retrosternal lymphatic nodes (+++).  × 89. 
FIG. 3.  Retrosternal lymphatic vessel draining peritonea! cavity about 7 hours 
after it had been treated with 10 cc. of aleuronat suspension followed by 10 cc. 
of distilled H20 (Experiment  5, Table I).  The lumen is occluded by a fibrinous 
thrombus containing leucocytes in abundance.  Graphite particles  injected into 
the peritoneal  cavity failed to disseminate  to the retrosternal lymphatic nodes 
(0).  ×81. 172  STUDIES  ON  II~FLAMMATION.  VIII 
FIG.  4.  Drawing  of  part  of  thrombosed  lymphatic  vessel  (Experiment  S, 
Table I).  Note the graphite particles in the fibrinous network and their relative 
infrequency within  the leucocytes.  No graphite  penetrated  to the retrosternal 
lymph nodes.  Inflammatory reaction induced by aleuronat  and distilled  water 
about 7 hours previously.  High dry magnification. 
PLATE 9 
FIG.  5.  Retrosternal  lymphatic  vessel  draining  the  peritoneal  cavity  about 
22 hours after it had been treated with 10 cc. of aleuronat suspension in 50 per cent 
urea  (Experiment  12, Table I).  Note the delicate fibrinous reticulum occluding 
the  lumen  only partially.  Graphite  particles  disseminated  to  the  retrosternal 
lymphatic nodes in moderate amount (+).  X  117. 
FIG. 6.  Retrosternal lymphatic vessel draining the peritoneal cavity about 20 
hours after it had been treated with  10 cc.  of aleuronat  suspension followed by 
10  cc.  of  distilled  water  (Experiment  9,  Table  I).  The  lumen  is  completely 
occluded by a dense thrombus characterized by areas brightly stained with eosin. 
Graphite particles, injected into the inflamed peritoneal cavity, were fixed in situ 
and failed to reach the retrosterual lymphatic nodes (0).  ×  228. 
FIG.  7.  Section through omentum of the rabbit  whose retrosternal  lymphatic 
is shown in Fig. 6  (Experiment 9, Table I).  When graphite was injected in the 
peritoneal  cavity, the inflammatory reaction induced by aleuronat  and distilled 
water had already been going on for about  18  hours.  Approximately  2  hours 
later the animal was sacrificed.  No graphite had penetrated  to the retrosternal 
lymphatic nodes and the lymphatics were thrombosed (Fig. 6).  Note the deposi- 
tion of graphite in the coarse fibrinous network on the omentum.  ×  403. 
FIG.  8.  Retrosternal  lymphatic vessel of Rabbit  3-68 draining  its  peritoneal 
cavity 6 hours and 32 minutes after the latter had been treated with l0 cc. of 50 
per cent urea.  Graphite particles are found e~ masse  within a  narrow fibrinous 
layer at the periphery of the lumen, but a su~ciently large unobstructed central 
area allowed free penetration of the carbon material to the retrosternal lymphatic 
nodes (+ + +).  Note also red cells in the lumen, the result of a  marked extra- 
vasation of blood in the peritoneal cavity. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  56  PLATE 8 
(Menkin:  Studies on inflammation.  VIII) THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL.  56  PLATE 9 
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